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Effects of experimental programs in ninth grade algebra on pupils* 
subsequent enrollment and performance in mathematics and science subjects# 

James J# Ryan' 



This study was carried out as part of a project investigating the effects of 
experimental programs in ninth grade algebra on attitudes and interests pupils 
develop toward mathematics. ^ The attitude project was conducted in conjunction 
with a more extensive project assessing the achievement effects of these experi- 
mental programs at all secondary grades. ^ The purpose of the study was to deter- 
mine whether the experimental programs had a differential effect on pupils* en- 
rollment decisions in subsequent years with respect to mathematics and related 
subjects. 

A positive attitude or interest in an activity or subject such as mathematics is 
usually manifested by an individual *s choosing to engage or participate in the 
activity or situations involving the activity when the opportunity is present to 
do so. Among the overt behavioral indications that a pupil could exhibit in the 
school situation that would represent an interest in a given subject matter area 
would be to choose to enroll in courses involving that subject when a choice is 
permitted. This is especially possible for mathematics since there is in most 
schools an advanced mathematics course at each grade level in high school in 
which the pupil can choose to enroll or not as he desires. 

One indication therefore, of the effects of alternate instructional programs on 
pupil attitudes toward mathematics at the ninth grade level would be obtained 
from the enrollment in mathematics subjects during the subsequent years in high 
school on the part of pupils instructed with the different programs. Other 
things being equal, pupils instructed with programs contributing to a more posi- 
tive attitude toward mathanatics are more likely to enroll in mathematics sub- 
jects during the next and possibly the following years. 

There are, of course, a number of factors of an extrinsic nature other than in- 
trinsic pupil interest per se that influence or determine the subject choices 
pupils make in high school. Future educational plans and related requirements 
are no doubt predominant in such decisions with parents and teachers playing an 
influential role therein, usually encouraging enrollment. Nonetheless, there is 
no doubt a certain number of instances in which the extrinsic factors in both 
directions are about equally balanced for a pupil and his own attitudes and in- 
terests operate to determine the choice or resolve the decision. Because, for 
higher ability pupils the extrinsic factors would tend to be more heavily weighted 
toward enrollment, these instances would seem more likely to occur for pupils 
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having somewhat lower mathematics proficiency or general academic ability. Pre- 
suming therefore, a reasonably equal or random distribution of pupils with re- 
spect to other influencing factors among alternate instructional programs, 
differences between them in proportion of pupils enrolling in subsequent mathe- 
matics subjects could be attributed to the effects of the program on the pupils 
interest in mathematics. 

Following the above reasoning, the level of a pupil's interest in mathematics 
might also influence his attitudes toward and enrollment decisions conceding 
other subjects in which mathematics is applied or which are concerned with 
quantitative concepts and relationships. Science subjects for the most part 
would seem to be in this category. 



This study was carried out consequently to determine whether instruction with 
one of several experimental programs for ninth grade algebra affected enrollment 
in tenth and eleventh grade mathematics and science subjects. 



The experimental programs were those developed under the auspices of Ball State 
Teachers College (Ball State), the University of Illinois Committee on ..chool 
Mathematics (UICSM), and School Mathematics Study Group (SM 3 G). 



The main question concerned the differences in enrollment in tenth and eleventh 
grade advanced mathematics and science courses between pupils previously instructe 
with one of the three experimental programs and those instructed respectively with 
the conventional program being used by the same teachers. 



Two other factors relevant to enrollment in advanced matliematics were considered 
in the analysis, the grades the pupil earned in ninth grade mathematics and the 
pupil's sex. Probably the factor that most determines future enrollment in mathe- 
matics is the pupil's level of achievement as represented by the grades ^f^eived 
in his last mathematics class. Also, as indicated above, en enrollment difference 
is more likely to be observed among lower than higher achieving pupils. In 
addition to individual differences in achievement, sex differences are also likely 
to occur v/ith respect to enrollment in more advanced mathematics classes. Previous 
studies have observed sex differences with respect to the nature of educationa 
goals, objectives, and aspirations of pupils as well as in attitudes toward mathe- 
matics. Consequently both pupil sex and ninth grade mathematics performance 
(grades) were taken into account. 

A secondary question, which it was possible to examine in this context, was '^Jether 
pupils instructed with the different programs in the ninth grade differed in their 
performance in the mathematics subjects in which they enrolled in the tenth grade 
Other things being equal, the observation of subsequent performance or grade 
differences for pupils following alternate programs in the ninth grade would p^- 
vide some indication of the relative effectiveness of the separate programs. This 
question was also examined with respect to tenth grade science subjects. 



Method : 

During the I962-63 school year, as part of the larger project assessing achieve- 
ment differences for the several experimental secondary mathematics programs, pupils 
in a number of schools were enrolled in ninth grade algebra classes in which either 
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one of the three experimental (E) or a conventional (C) program was being used 
in alternate classes taught by the same teacher. The textbooks used for ^d 
defining the respective experimental programs were: Ball State, ?[ 

Brumfrel, Eicholz and Shanks, Addison-Wesley, Mass. 19^1; UICSM, High , Sc ^ 1^ 
MRthPmatlcs Units 1-U. University of Illinois Press, Urbana, Illinois 1962; ^ 

RMsr, First Course in AlRebra. School Mathematics Study Group, Yale University 
Press, New Haven, Conn.,T9‘62. During the 196 U -.65 school year, these schools 
were contacted with a req.uest for grade and enrollment information for the pupils 
that had been instructed in the E and C classes two years previously. 

Information was requested concerning pupil enrollment and final subject grades 
during the ninth and tenth grades, and for enrollment during the eleventh grade. 

(Pupils had not completed eleventh grade at the time the data was gathered). En- 
rollment and grade information was obtained for each of the following subject matter 
areas: mathematics, language arts (English or literature), social studies and science. 

This information was requested from the schools for 32 pairs of classes - one 
experimental and one conventional class being in each school. The number of 
experimental classes (and the number of teachers) in each of the 
gram conditions for which information was requested and the number for which b 
information was obtained for both classes is shown in Table 1. 



Table 1 

Number of Pairs of E and C Classes 
For V/hom Enrollment and Grade Data was Requested 
and Included in the Analysis for Each E Program Comparison Condition 



E Program 
Ball State 
UICSM 
SMSG 

Total 




32 



Included 

7 

5 

9 

21 



During each of the two years following the ninth grade, a pupil could choose to 
enroll in none, one, or two additional mathematics subjects. Furthermore, among 
those enrolling in one additional mathematics subject over the two years, it was 
possible to do so either in the tenth or eleventh grades. For purposes of this 
study the distinction between enrollment in the tenth or the eleventh grade is 
some relevance since in general, any differential effects of ninth grade instruc- 
tional conditions on attitudes toward mathematics would most likely be reflected in 
enrollment decisions made for the tenth grade rather than for higher grades. En- 
rolling in an additional mathematics subject at the next opportunity rather Ha 
doing so after a year’s delay would seem to be in itself one indication of a possible 
attitude difference developed during the immediately preceding year. 



Some schools did not respond to the request, others were only able to provide 
limited Information concerning subsequent enrollment and grades. 



V, 
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Therefore, comparisons with respect to enrollment in tenth grade mathematics 
subjects independent of the eleventh grade enrollment, would appear to provide 
the most sensitive and direct indication of pupil attitudes as manifested in 
enrollment decisions subsequent to the ninth grade and consequently, would be 
the comparison most relevant to this question* Separate comparisons considering 
eleventh grade enrollment were also made however to determine the more general 
enrollment effects of the ninth grade instructional programs* 

With respect to enrollment in advanced mathematics in the tenth or eleventh 
grades, either geometry, advanced or higher algebra, trigonometry or solid geo- 
metry were considered as advanced mathematics subjects* Neither re-enrollment 
in elementary algebra (due to previous fa51ur> ) nor general or commercial mathe- 
matics were considered advanced mathematics subjects* 

To take ninth grade performance into account, the overall distribution of grades 
for all pupils was determined* An A, B vs C, D division provided a division 
closest to the median and served therefore as the basis for classifying pupils 
with respect to level of perfomance for analysis purposes* Similarly, to con- 
trol for and assess possible sex differences, the comparisons were made separ- 
ately for males and females within the separate performance levels and for in- 
structional condition or treatment (i*e* E or C) classifications* 

In the analysis pupils in the respective E and C classes for teachers following 
the same E program were combined to provide separate comparisons for each of 
vhe three experimental program conditions* The pupils in the C classes taught 
by each teacher in addition to their E class served in effect as controls re- 
spectively for those in classes instructed with each E program* 

With respect to science subjects, enrollment and grade comparisons were made only 
for the tenth grade. It was felt that it would be quite unlikely that ninth 
grade mathematics would have an effect on enrollment in eleventh grade science 
subjects because of the even larger number of intervening factors than would be 
the case for mathematics* The subjects treated as science subjects were general, 
physical or biological science, physics, biology and chemistry* 



Results 



Enrollment in 10th grade mathematics 

Table 2 shows the tenth grade mathematics enrollment frequencies for E and C 
class pupils in each E program comparison condition* The reliability of the 
E-C enrollment differences (i*e* the probability that the differences were due to 
chance) within each performance level for the sexes separately and combined was 
determined using or an exact probability test* 

Among pupils who had performed or achieved at a relatively higher level in the 
ninth grade (grades of B or better), a veiy large proportion continued to enroll 
in mathematics subjects in the tenth grade* This tendency appeared equally strong 
for pupils in E and C classes in each of the E program comparison conditions* 

Among pupils who had performed or achieved at a relatively lower level in the 
ninth grade (grades of C or D), a greater proportion of the E class boys in the 






VThere only pro^bability values axe shown, the exact probability of an E-C distribution 
difference as large or larger than obtained was determined. 
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Ball State and UICSM programs and E class girls in the UICSM and SMSG pro- 
grams tended to enroll in tenth grade mathematics than did their respective C 
class counterparts* For the Ball State and UICSM boyS| the frequency differ- 
ences were highly reliable while neither of the E program comparisons for the 
girls reached the #05 level of significance# 

Comparisons made with both sexes combined also showed that^among lower performing 
pupils a significantly higher proportion of those in the C classes enrolled for 
both the Ball State and UICSM programs# It is evident, however, that the 
difference for the Ball State program is due only to the large difference in this 
regard for boys rather than girls while for the UICSM comparison both sexes con- 
tributed to the difference# 



It appears then that a greater proportion of boys instructed with the Ball State 
program and of both sexes instructed with the UICSM program enrolled in tenth^ 
grade mathematics subjects than did comparable pupils instructed with conventions 

programs • 

Although the E-C comparisons were made between pupils grouped according to their 
ninth grade performance level, performance differences between^ E and C class 
pupils may still have existed within the two levels or categories that were used# 
If for the pupils in the low performance level, a greater proportion of those 
In the E classes had C grades, while a greater proportion of those in the C 
classes had grades of D, this could account for the observed tenth grade enroll- 
ment differences# 

Comparisons among the lower performance E and C class pupils for those re- 
ceiving grades of C and D are shown in Table 3# 

Table 3 

Frequency of C and D Grades Received by Low 
Performance E and C Class Pupils 




Males 





Grade 


C 


D 




Ball 


E 


31 


5 


36 


State 


C 


29 


10 


39 






60 


15 


75 








a 








n 


#s# 




UICSM 


E 


25 


13 


38 




C 


19 


15 


3^4 






kh 


28 


72 






n 


#s# 




SMSG 


E 


33 


13 


U6 




C 


UO 


22 


62 






73 


35 


108 



n#s 

® non significant, p > #10 by test# 



Females 



C 


D 




26 


5 1 


31 


17 


7 


2h 


I43 


12 


55 




n#s# 




17 


13 


30 


25 


5 


30 


li2 


18 


60 




C > E^ 




35 


15 


50 


37 


12 


I49 


72 


27 


99 



^ C class had higher proportion C 
grades # 
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The comparisons shown in Table 3 indicate that there were no instances in which 
a significantly higher proportion of E class pupils had received C grades. 
Consequently, it does not appear that the observed enrollment differences re- 
sulted from differences between E and C class pupils in the actual grades 
they had received the previous year. 

Independent of the pupils relative performance level, the grries received in 
ninth grade algebra, other factors relevant to enrollment in tenth grade mathe- 
matics classes which could differ for E and C class pupils were the pupils 
level of ability or proficiency in mathematics as well as his general academic 
ability and attitudes toward academic achievement. It is possible that in the 
E classes there was a greater proportion of pupils having higher ^ability in 
math?^matics , higher general academic ability, and/or a more positive attitude 
toward mathematics or academic achievement generally . A difference in favor of 
the E classes with respect to any or all of these factors (which tend to be 
related) may have occurred either accidentally or even to some extent inten- 
tionally or systematically. The latter possibility seems quite likely because 
of the characterization of the experimental or ’’modern" programs as being 
primarily for "college-bound” pupils. For this as well as other reasons, there 
may have been a greater tendency to shunt "less promising” pupils (as inferred^ 
from previous math class or general academic performance) into the conventionax 
classes. These factors could operate independent of the performance measure 
(grades) if teachers were assigning grades within classes, on a relative rather 

than a more absolute basis. 

Data was not available to examine the question concerning the pupils general 
academic ability nor his attitudes or motivation to achieve either in mathe- 
matics in particular or in school generally. However, if proficiency differences 
did exist between pupils in E and C classes independent of the grades received, 
these differences should be reflected on a proficiency test measure (Mathematics 
Section, Sequential Tests of Educational Progress, Level 2^) obtained for a large 
proportion of these pupils at the beginning of the ninth grade. Here again this 
quf»!.tion is only of consequence for pupils in the lower ninth grade perfomance 
1 vel, since it was only for pupils in this category that there was a reasonable 
nonenrollment proportion to provide a basis for comparison. To determine if 
measured proficiency could account for the enrollment differences among lower per- 
formance pupils, comparisons with respect to enrollment were made separately for 
those above and below the median on the proficiency test as obtained for the ma^es 
and females separately. 

Table shows the separate enrollment frequencies of the E and C class pupils 
for those at the two levels on the mathematics proficiency test. 

Two points are evident in the Ball State and UICSM comparisons. One is that there 
was a greater proportion of relatively higher proficiency pupils in the E than 
in the C classes. Comparisons between the proportions of E and C class pupils 
above and below the test median shown as marginal totals indicates that the differ- 
ences in this respect for the Ball State males (x^ =6.8, p < .01) and females 
{y2 - 1*^2, p < .05) and for the UICSM pupils (both sexes combined, = 3.8, 

•05 < p < .10) are quite reliable. 



5 



Sequential Tests of Educational Progress . Cooperative Test Division, 
Educational Testing Service , Princeton, New Jersey. 1957. 
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TABLE 1» 

Tenth grade mathematics enroli™ent frequencies for lov 

p^ils^n E and C classes vithin levels of mathematics test proficien.y. 



Test level 



Below median 



Above median 




^n.s. = non-significant, i.e. p > 
an exact probability test. 



,10, as determined by 



or 




-9 



It is also apparent that even within the proficiency levels a greater proportion 
of the State males and UICSM males and females enrolled in tenth grade mathe- 

matics subjects. This tendency is somewhat stronger for those in the below median 
categoxy, although for none of these comparisons did the difference reach the .05 
level of significance. 

For the SMSG program comparison ^ there is neither a difference between the B-C 
asses with respect to test proficiency level nor within proficiency levels with 
-p. ct to the proportions enrolling in tenth grade mathematics. 

In general, it appears that the enrollment differences observed for the Ball State 
males and the UICSM males and females were due in part but not totally to existing 
differences in- mathematics proficiency as indicated by test scores which were some- 
what independent of the grades pupils received. Apparently for the E-C class pairs 
in the Ball State and UICSM comparisons, the E class pupils had on the average a 
higher level of proficiency which was not, however, reflected la the grades they 

received. 



Enrollment in tenth and eleventh grade mathem atics subjects. 

Although the enrollment decision made at the tenth grade level would seem to pro- 
vide the most sensitive Indication in terms of enrollment of the effects of a ninth 
grade instructional program, some additional indications might be provided by con- 
sidering enrollment in eleventh grade mathematics subjects. 

Taking tenth and eleventh grade enrollment possibilities into account, there are 
several alternate enrollment sequences subsequent to ninth grade; 

a) no further enrollment in tenth and eleventh grades 

b) enrollment in eleventh grade only 

c) enrollment in tenth grade only 

d) enrollment in both tenth and eleventh grade 

Enrollment in additional math courses beyond the tenth grade (categories [c] and 
(dj above), however, is no doubt influenced at least as much by the pupils* ex- 
perience in his tenth grade class as his experience in ninth grade. Consequently, 
E-C comparisons with respect to categories (a) and (b) would appear to provide a 
more meaningful reflection of the effects of the ninth grade program, therefore 
eleventh grade enrollment comparisons were made separately for those who did and 
did not enroll in mathematics in the tenth grade, l.e. for those in categories (c) 
and (d) and those in categories (a) and (b), respectively. 

Since for the previous analysis the mathematics test scores provided a more sensi- 
tive control for proficiency differences, the eleventh grade enrolment comparisons 
were made within levels of performance on the test measure of proficiency in mathe- 
matics obtained at the end of the ninth grade rather than the pupils* grades. 

Advanced mathematics enrollment frequencies for males and females above and below 
the median of the distribution of the proficiency test scores for each of the 
possible enrollment sequences are shown in Table 5* (This table includes only those 
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TABLE 5 





for whom actual enrollment aecisions at both the tenth 

fcnLn 1 e those who remained in the school system from the ninth grade into 
ttHietenth grade.) Cos«)arisons between the enrollment frequencies for E and 
Tct^rpS^iS we;; made^^within sex by proficiency le-^1 categories using 
either Chi-square or an exact probability test. 

liab?riith“fstaUrtica%SiU^%“^^^^ 

- ss.'ixiir- 

Among pupils who had enroUed w thirfbr * 

in eleventh ® !Sl) who hl^ a higher frequency of enroU- 

I. ,.-,.1. a.r. — um. «i««2 22.?S^; SSiKSiS«"S5S*» 

for the SMSG program these results ^pear to be too specinc oo pro 
for any broad generalization in this regard. 



To determine if the instructional program followed in 8”^® 

in science subjects in the tenth grade# 

TO control for the possible effects of grades received “^e^of" p 

Jects, comparisons were made separately for pupil t.,..., 

or better Ld C or less in their ninth grade science subjects. 

Table 6 shows the tenth grade science 

within the two levels of ninth grade science differences 

exact probability test was used to determine the reliabil y 

in enrollment frequencies. 

s: r-s/'r sisLssrs 

T’'dT^einbSXrr S“^of :Lor^en?l^on«^^ class pupils. 

liZl this analysis included ^nhf^lIttJe^nffffsf programs 

science a further comparison was made for pupiis in i/nc 









-13- 



who had not been enrolled in ninth grade science. Since only a very small 
number of pupils involved in the UICSM comparison had not been enrolled in 
ninth grade science, the additional comparison was not made for this program. 
The results of this comparison, shown in Table 7, revealed even smaller E-C 
differences in tenth grade science enrollment than had been observed for the 
Ball State and SMSG comparisons for the ninth grade science enrollees. 



Table 7 

Enrollment in tenth grade science subjects for E and 
pupils not enrolled in ninth grade science 



C class 



Sex 



M 



Tnstriictional Treatment 


E 


C 


E 


C 




Enrolled 


7 


15 


lU 


lU 


Ball 


State 


Not Enrolled 


1 


2 


3 


0 




Enrolled 


9 


lU 


22 


23 


SMSG 




Hot Enrolled 


2 


3 


0 


1 



The differential enrollment in tenth grade science observed for the UICSM pupils 
would suggest that this program may have had a 

in this regard. However, this difference was not consistent with the relatively 
higher frequency of enrollment in tenth grade mathematics for the UICSM P'lPiJ-s 
which would seem to be a more sensitive indicator of attitudinal effects o t e 
program on enrollment decisions with respect to subjects involving mathematics. 
One possibility was that the two decisions were not independent, that for some 
pupils the decision to enroll in raathemat’<»s affected the decision not to enroll 
in science or vice-versa. That is, a certain proportion of pupils may have de- 
cided not to enroll in both math and science subjects but rather to select one o 
the other. If a relatively higher proportion of such pupils in the UICSM classes 
chose to enroll in math then a relatively smaller proportion would have enrolled 
in science which would account for the observed differences. 

To determine if this were the case, a tabulation was made considering the tenth 
grade enrollment in both math and science jointly, disregarding previous perfor- 
mance. This tabulation is shown in Table 8. 



ERIC 



L 



-lU- 



Table 8 

Freauency of enrollment in tenth grade mathematics ^ science 
Zr pupils instructed with the UICSM and conventional programs. 

•p c ^ 



Science 



Science 







Not En- 






Not En- 


Enrolled ^ 








rolled 


Enrolled 




rolled 




Mathematics 
















Not 


■a 


u 


7 


3 


17 1 


20 




Enrolled 














Males 


Enrolled 


12 


U6 


58 


1 


3U 1 


35 






15 


50 


65 


U 


51 1 


i 55 




Not 

Enrolled 


1 


10 


11 


3 


13 


16 


Females 


Enrolled 


10 


U3 


53 


U 


36 


uo 






11 


53 


Li 


7 


U9 


56 



in only one of the ^ („icSH or conventional) was highly re- 

(math or science) and program or instruction i v«+«oori +hp nronortion of UICSM 

,.\-i 2 - ill ^ T> < 001 However, a comparison between the proportion ox 

either math or science and was a result of this ^fferenti^ 'or^frecuently chose 

:st"of r ni“rgrrm^a« i": 

S^tcLfof ^?h -Jematics enroll- 

^Lt^decision which was affected hy the ninth grade mathematics program. 
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Performance in tenth grade mathematics 

To obtain an indication as to whether the specific program of instruction in 
ninth grade mathematics might have contributed to performance differences in 
advanced mathematics subjects, the grades received by the E and C class 
pupils in their tenth grade mathematics classes were compared. 

To control for differences between E and C class pupils with respect to mathe 
matics ability or proficiency existing prior to and independent of the ninth ^ 
grade program, the tenth grade performance comparisons were made using analysis 
of covariance with the beginning-of-year ninth grade proficiency test scores 

as the covariate. 



The pupils* ninth grade performance was not considered for this comparison since 
it was likely that these grades would not be comparable across classes being com- 
pared with respect to the pupil characteristics they were reflecting. so ese 
grades could reflect to some extent the mathematics proficiencies acquired in th 
ninth grade which it would not be desirable to partial out of the tenth grade 
performance measure. Consequently, the comparison was made relative to the per- 
formance expected on the basis of the pupils level of proficiency at the be- 
ginning of ninth grade. The comparison considered pupil sex and type of instruc- 
tional program (E or C) in a 2 by 2 factorial design for each E program com- 
parison condition. 

For analysis of covariance, the covariate regression slope (beta coefficient) for 
each of the categories being compared (i.e. the separate sex by treatment cate- 
gories) is assumed to be homogeneous since this slope determines the covariate 
adjustment to be made on the dependent variable for all pupils. A statistical 
test was carried out to determine whether this assumption was valid. 



The test for homogeneity of slopes indicated that this assumption vas tenable for 
each of the E program comparison conditions. (Ball State, ”(3^166) *" 

UICSM, F(3 ,ii 6) = .1*0; SMSG, F(3,326) = -52) The results of the analysis are 
shown in Table 9 and the adjusted grade means for E and C class pupils in 
Table 10. 



The analysis indicates that there were no reliable tenth grade performance differ- 
ences between E and C class pupils for any of the E progr^ comparisons. 
Statistically reliable sex differences, with girls performing at a higher level, 
were observed for the UICSM and SMSG comparisons but these were independent of the 
instructional program, there being no significant sex by program interactions. 

These results do not appear to provide any indication that the program of instruc- 
Uon in ninth grade mathematics affected pupil performance in advanced mathematics 

at the tenth grade level. 



^ For this and subsequent analyses letter grades received in mathematics and in 
science subjects were assigned the following values: A = o; A-, B+ = T* 

B = 6; B-, C+ = 5i C = U; C-, D+ = 3; D = 2; D- = 1; F = 0. 
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table 9 

Summary of analysis of covariance on tenth grade mathematics grades. 





Source of 
Variation 


Sum of 
Squares 


d.f. 


Mean 

Square 


F 


Ball State: 


Instructional 

program 


.13 


1 


.13 


.06 




Sex 


3 .>t 9 


1 


3.U9 


1.62 




Program x Sex 


.13 


1 


.13 


VO 

0 

• 




Error 


36 U .55 


169 


2.16 




UICSM: 


Instructional 

program 


.12 


1 


.12 


.05 




Sex 


18.02 


1 


18.02 


6.81* 




Program x Sex 


.01 


1 


.01 


.00 




Error 


31 U. 8 U 


119 


2.65 




SMSG: 


Instructional 

program 


2.60 


1 


2.60 


.85 




Sex 


21.75 


1 


21.75 


7 . 10 ** 




Program x Sex 


M 


1 


.ho 


.13 




Error 


1007.69 


329 


3.06 





TABLE 10 

Adjusted mean tenth grade mathematics grades for E and C class pupils. 



Ball State 



UICSM 



SMSG 



M 

F 



E 

N R 


c 

N y 


Ave. 


E 

N X 


C 

N X 


Ave. 


£ 

N X 


C 

N X 


Ave. i 


5 .>t 3 


5.1.3 


5 . 1*3 


U .23 


23 U .15 


U.I9 


^ 1..62 


^ U .51 


1..57 j 


*'5 5.78 


5.67 


5.73 


5.00 


2 ^ 1..95 


U .98 


95 5.22 


U .97 


5.10 ' 


5.61 


5.55 




1*.62 


1..55 




U.92 


lt. 7 l* 





Ave, 



17 






-rv« 






Performance in tenth grade science 



To determine whether the program of instruction in ninth grade mathCTatics may 
have had somewhat more general effects on performance in subjects utilizing 
ouantitative concepts and skills , comparisons were also made on the grades re- 
ceived in tenth grade science subjects. These comparisons were carried out 
following the same covariance analysis procedure used to assess differences 
in tenth grade mathematics performance. In this instance however, the pupil s 
perfomLcrin ninth grade Lienee was used as the covariate to control for any 
Lior differences in pupil proficiency and motivation with respect to science 

as a subject matter area. 



The adjusted 
analysis for 
in Tables 11 



means for the E and C class pupils and the results of the^ 
each of the experimental program conditions are shown respectively 

and 12. 



Table 11 

Adjusted mean tenth grade science grades 
for E and C class pupils, 

E C 





N 


X 


N 


X 


Ave. 


M 


U6 


U.83 


uo 


It. 90 


U.87 


Ball State 










5.3U 


F 


h9 


5.61 


3U 


5.07 


Ave, 




5.22 




*>.99 




M 


k9 


U.47 


51 


It. 32 


U.UO 


UICSM 

F 


53 


5.13 


1»9 


5.11 


5.12 


Ave. 




U.80 




U.72 




M 


86 


5.03 


95 


U.96 


5.00 


SMSG 

F 


92 


5.19 


75 


' 5.U6 


5.33 


Ave. 




5.11 




5.21 


- 



7 No science proficiency test data comparable to that for mathematics was 
available for these pupils. 
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table 12 

sumary of analysis of covari^ce on tenth grade science grades for the Ball State, 
UICSM and Sf4SG program comparisons. 



Ball State ; 



UICSM; 



SMSG: 




Source of 
Variation 



Instructional 

program 

Sex 



Sum of 
Squares 



2.19 

8.95 



1 

1 



Mean 
Square 



2.19 

8.95 



1.2U 

5.0U 



Program x Sex 


3.81 


1 


3.81 


2.15 


Error 


291.01 


l6U 


1.77 




Instructional 

program 


.37 


1 


.37 


.17 


Sex 


26.70 


1 


26.70 


12.21 


Program x Sex 


GO 

H 

• 


1 


.18 


GO 

0 

• 


Error 


U30.T*t 


197 


2.19 




Instructional 

program 


• 

• 

.87 


1 


.87 


CNJ 

ITS 

• 


Sex 


9.36 


1 


9.36 


5.5>t 


Program x Sex 


2.28 


1 


2.28 


1.35 


Error 


579.20 


3U3 


1.69 





ERIC 
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It can be seen chat there were no statistically reliable differences between 
E and C class pupils for any of the experimental program comparisons with 
respect to performance in tenth grade science subjects,® It does not appear 
that any proficiency differences developed by the program of instruction in 
ninth grade mathematics carried over to affect pupil performance in tenth grade 
science subjects in general. 



Discussion 



With respect to the effects of the program of instruction in ninth grade mathe- 
matics on decisions to enroll in advanced mathematics in the tenth grade, a 
greater frequency of enrollment was observed among lower ninth grade performance 
boys instructed with the Ball State program and lower performance boys and girls 
Instructed with the UICSM program when compared to similar pupils in conventional 
classes taught by the same teachers. No differences in enrollment between E and 
C class pupils for any of the E programs were observed for higher performance 
ninth grade pupils, a very large majority of whom enrolled in tenth grade mathe- 
matics, There were also no consistent instructional program differences in ad- 
vanced mathematics enrollment at the eleventh grade level either for those who 
had or had not enrolled in tenth grade mathematics. The one difference that was 
observed (a lower enrollment for higher proficiency girls instructed with the 
SMSG program who had not enrolled in tenth grade mathematics) would seem more 
likely to be a result of factors other than the attitudinal effects of the ninth 
grade program since similar differences were not observed for other SMSG program 
enrollment comparisons that should have been more sensitive to such attitudinal 
effects. The results obtained for eleventh grade enrollment would seem to indi- 
cate that any effects of the ninth grade program on subsequent enrollment were 
not manifested to any extent beyond the tenth grade level. 

Although the pupils for whom tenth grade enrollment differences were observed 
(lower performance E and C class pupils in the Ball State and UICSI4 compari- 
son condition) did not now differ with respect to the grades they received in 
their ninth grade mathematics classes, the E class pupils that exhibited a higher 
frequency of enrollment were found to have a higher initial level of proficiency 
as indicated by mathematics test scores. The analysis indicated that this differ- 
ence could account for some of the enrollment differential. Even though it does 
not seem likely that the proficiency test scores in themselves would have directly 
affected the pupils* enrollment decisions in the same way for example that his 
grades might do so, scores on similar tests may have been used within the school 
as a basis for recommendations concerning subsequent enrollment, espe ially for 
lower performance pupils. Another possibility is that the test scores were re- 
flecting a somewhat higher general academic ability among the E class pupils 
which in turn would be more likely to be associated with subsequent enrollment in 
academic subjects. Nonetheless, comparisons made adjusting for test score differ- 
ences continued to show a somewhat greater but not statistically significant ten- 
dency toward enrollment on the part of Ball State and UICSM pupils. For the UICSM 



8 



The test for homogeneity of regression slopes in the analysis of co'i^ar: unce 
Indicated that this assiimption could not be rejected (i,e, was tenable) in 
the analysis for each of the experimental program comparisons. 



BUDils. it was also found that the relatively higher enrolment in mathematics 
Sas related to a significantly lower enioUment in tenth ^de science subjects. 

For both mathematics and science subjects the more general 

were found to be mainly the result of differences in this regard between UIC^ 
and C class pupils who had enroUed in only one of the two subjects, those in 
the UICSM program tending to enroll in mathematics, those in the convention^ 
program in science. Coaparlsons for the other experiment^ progran« did not 
indicate any tenth grade science enrollment differences. Consequently it appe^ 
that any affects of the experimental mathematics programs on science enrollrcnt 
may ht^ been only an indirect result of experimental program effects on mathe- 

matics enrolliiient decisions# 

There is a further consideration with respect to enrollment differences and that 
concerns the pupil's general acadenic motivation and objectives as well ^ 
initial (pre ninth grade) attitudes toward mathematics and science. No independent 
information was available concerning these factors which may also have varied be- 
tween E and C class pupils and contributed to enrollment differences. Con- 
seouently it is difficult to conclude that the experimental programs were having 
any definite effect on pupil attitudes as manifested by subsequent 
Visions. At the same time the results do suggest that such effects may have 
occurred for Ball State and UICSM pupils with respect to mathematics enrollment 
decisions to the extent that further studies which, in ad^ion, take into »cw^t 
the pupils initial attitudes and motivations should be carried out. It was evident 
in general, however, that grades pupils had received the previous year were a 
stronger determinant of subsequent enrollment in mathematics than the specific 
program of instruct ior. as such. 

With respect to perfoimaace in mathematics and science subjects at the tenth grade 
level, there was no evidence provided by the pupils’ grades in these subjects 
that the alternate programs of instruction in ninth grade ^thanatxcs had any 
differential effect. However, here again lack of information concerning facto 
relevant to pv®il motivation, such as general attitudes toward academic achieve- 
ment and specific attitudes toward mathematics, precludes drawing any unequivocal 
conclusions with respect to the effects of these instruction^ programs on subse- 
qLt performance in relevant areas. Another consideration with respect to per- 
formance in tenth grade mathematics is that for a ^"^66 parity of puj^l 
tenth grade mathematics subject in which they were enrolled was geometry. It is 
quite likely that geometry does not require a high degree of application o 
utilization of the specific knowledge or proficiencies acquired in ^nth g a 
algebra, and consequently performance therein would not be ns sensitive to varia- 
tions in the ninth grade instructional program. 



Summary 

This study was carried out to determine whether any of several e^erime^a pro- 
grams in ninth grade algebra (Ball, State, UICSM, SMSG) different a ly ® ® 

TOPils attitudes toward mathematics as manifested by subsequent enrollment in tenth 
md eleventh grade advanced mathematics and science subjects. TOe analysis also 
considered the effect of the experimental programs on pupil performance (grades re- 
ceived) in tenth grade math and science subjects. The sample consisted of pupils 
jHl paire of ninth grade algebra classes, each pair of classes having been taught 



of the E programs, the other with 



by the same teacher, oce class with one 
a conventional program* 

Comparisons vere made for each E program between pupils in the paired E rad 
c classes with respect to frequency of enrollment in tenth rad eleventh grade 
advanced mathematics subjects rad tenth grade science subjects and wxth 
to grades received in the tenth grade mathematics rad science subjects. Previous 
pupil performance (grades) and mathematics proficiency test scores were con- 
sidered in the comparisons which were made separately for each sex. 

Some evidence of a higher frequency of enrollment in tenth grade 

pupils instructed with the BaU State and OICSM programs was obtained. For the UICSM 
pupils a related teeth grade science enrollment difference was found. 

For none of the E program comparisons was a difference obsewd between ® 

C class pupils with respect to performance in subsequent mathematics and science 

subjects • 



